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(54) Surface acoustic wave resonator, surface acoustic wave device, and communication device 



(57) A surface acoustic wave resonator (1) includes 
a piezoelectric substrate (2) and an interdigital transduc- 
er (3) disposed on the piezoelectric substrate and made 
of a metai or an alloy having a higher specific weight 
than that of the piezoelectric material of the piezoeiectric 



substrate so as to generate shear horizontal waves. The 
interdigital transducer (3) includes a plurality of elec- 
trode fingers. A ratio of the electrode finger width (L2) 
relative to the electrode fingerwidth plus the space (L1) 
between adjacent electrode fingers is about 0.55 to 
about 0.85. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to a surface 
acoustic wave resonator, a surface acoustic wave de- 
vice, such as a filter or combined device, including the 
resonator, and a communication device including the 
resonator. More specifically, the present invention re- 
lates to a surface acoustic wave resonator using SH 
(Shear Horizontal) waves, a surface acoustic wave de- 
vice such as a surface acousticwave filterora combined 
device, and a communication device. 

2. Description of the Related Art 

[0002] Surface acoustic wave devices have been 
widely used for bandpass filters in mobile radio commu- 
nication apparatuses. Various types of. surface acoustic 
wave devices are commercially produced for various 
applications. Among such surface acoustic wave devic- 
es, an SH type surface acoustic wave device including 
a quartz substrate and an interdigital transducer (IDT) 
made of Ta, W or Au is disclosed in, for example, 
EP0860943A2. 

[0003] A method of manufacturing such a surface 
acoustic wave device will be described with reference 
to the sequential steps thereof. 

[0004] First, a wafer 100 made of quartz is prepared 
as shown in Fig. 9A. A metal thin film 101 made of Ta is 
formed on the top surface of the wafer 1 00 by vapor dep- 
osition, sputtering, or another process, as shown in Fig. 
9B. Unnecessary portions of the metallic thin film 101 
are then removed by photolithography and etching to 
form a plurality of patterns including a plurality of IDTs 
101a and a plurality of reflectors 1 01 b, as shown in Fig. 
9C. As shown in Fig. 9D, a combination of IDTs 101a 
and reflectors 101b defining one surface acousticwave 
element 102 is cut off by cutting of portions of the wafer 
100 where any portion of IDTs 101a and reflectors 101b 
is not formed. The divided surface acoustic wave ele- 
ment 102 is provided and contained in a package 103 
to connect an electrode 104 of the package 103 to the 
IDTs 101a electrically via bonding wire 105, as shown 
in Fig. 9E. 

[0005] As described above, on a piezoelectric sub- 
strate made of quartz, a metallic film is formed by evap- 
orating or sputtering a metal having a large density such 
as Ta, W, and Au, and then an electrode finger for de- 
fining the IDT of the surface acoustic wave device is 
formed by producing patterns of the metallic film by a 
method such as photo-etching. The resonance frequen- 
cy of the surface acoustic wave device is primarily de- 
termined by the space between electrode fingers defin- 
ing the IDT, the film thickness, and the width of the elec- 
trode fingers. 



[0006] When the surface acoustic wave device is 
manufactured by the above-mentioned processes, the 
width of the electrode fingers and the film thicknesses 
are different or varied at every single wafer due to the 

5 lack of accuracy in the control of process parameters. , 
These variations cause variations in frequency of the 
surface acoustic wave devices generated therein. 
[0007] The inventors of the invention described and 
claimed in the present application discovered that, when 

10 the IDT is formed of a metal having a large density such 
as Ta, W, and Au, the IDT experiences a very serious 
problem with large variations in frequency due to varia- 
tions in the width of the electrode fingers and the film 
thicknesses. More specifically, when the IDT is formed 

is of Al which is common in general surface acousticwave 
devices, frequency deviations are so small that the fre- 
quency deviations can be adjusted after the IDTs are 
formed. On the other hand, when the IDT is formed of 
a metal having a large density such as Ta, W, and Au, 

20 the frequency deviations are so great that the deviations 
cannot be adjusted after formation of the IDT. This is 
because a frequency dependence on a volume of the 
IDT becomes great in response to the density of material 
for the IDT. Thus, the frequency deviations become very 

25 large even if the variations in thickness or a width of the 
IDT are the same as the variations occurring with an IDT 
made of Al. 

SUMMARY OF THE INVENTION 

30 

[0008] In order to overcome the problems described 
above, preferred embodiments of the present invention 
provide a surface acoustic wave resonator and a sur- 
face acoustic wave device which have a very small fre- 
35 q uency deviation relative to a designed value regardless 
of the variations in the width of the electrode fingers and 
the film thicknesses. 

[0009] According to one preferred embodiment of the 
present invention, a surface acoustic wave resonator in- 

40 eludes a piezoelectric substrate and an IDT disposed 
on the piezoelectric substrate and made of a metal or 
an alloy having a higher specific weight than that of the 
piezoelectric material of the piezoelectric substrate so 
as to excite SH waves, wherein a ratio relating to an 

45 electrode finger defining the IDT, more specifically, a ra- 
tio of the electrode finger width relative to the sum of the 
electrode finger width and a space between adjacent 
electrode fingers, is from about 0.55 to about 0.85. 
[0010] With this unique structure and arrangement, a 

50 speed of sound conductance of SH wave-type surface 
acoustic waves becomes less sensitive to the electrode 
finger width of the IDT 

[0011] The piezoelectric substrate is preferably a 
quartz substrate having Euler angles of approximately 
55 (0°, 121° to 136°, and 87° to 93°). 

[0012] With this unique structure and arrangement, a 
surface acoustic wave resonator having a large electro- 
mechanical coefficient and excellent temperature char- 
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acteristics is achieved. 
[0013] A surface acoustic wave resonator may further 
include reflectors disposed on both sides of the IDT so 
as to sandwich the IDT therebetween. In such an ar- 
rangement, a ratio of the electrode finger width relative 
to the sum of the electrode finger width and the space 
between adjacent electrode fingers, is preferably from 
about 0.55 to about 0.85. 

[0014] With these features, a speed of sound con- 
ductance of SH wave-type surface acoustic waves be- 
comes relatively insensitive to the electrode finger width 
of the IDT. 

[0015] The surface acoustic wave resonator may be 
applied to a surface acoustic wave device or a commu- 
nication device. 

[0016] As a result of the unique structure and arrange- 
ment described above, a surface acoustic wave device 
or a communication device in which insertion losses in 
the pass band are greatfy improved and variations in fre- 
quency are greatly reduced is achieved, 
[0017] For the purpose of illustrating the invention, 
there is shown in the drawings several forms which are 
presently preferred, it being understood, however, that 
the invention is not limited to the precise arrangements 
and instrumentalities shown. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] Fig. 1 is a plan view of a surface acoustic wave 
resonator according to a first preferred embodiment of 
the present invention. 

[0019] Fig. 2 is a plan view of a longitudinally-coupled 
type surface acoustic wave filter according to a second 
preferred embodiment of the present invention. 
[0020] Fig. 3 is a plan view of a laterally-coupled-type 
surface acoustic wave filter according to a third pre- 
ferred embodiment of the present invention. 
[0021] Fig, 4 is a plan view of a ladder-type surface 
acoustic wave filter according to a fourth preferred em- 
bodiment of the present invention. 
[0022] Fig. 5 is a block diagram of a combined device 
and a communication device according to a fifth and 
sixth preferred embodiment of the present invention. 
[0023] Fig. 6 is a graph showing changes in the center 
frequency relative to the ratio between the electrode fin- 
ger width and the sum of the electrode finger width and 
the space between electrode fingers. 
[0024] Fig. 7 is a graph showing frequency deviations 
relative to the ratio between the electrode finger width 
and the sum of the electrode fingerwidth and the space 
between electrode fingers. 

[0025] Fig. 8 is a graph showing insertion losses rel- 
ative to the ratio between the electrode fingerwidth and 
the sum of the electrode finger width and the space be- 
tween electrode fingers. 

[0026] Fig. 9 is a flow diagram showing a manufactur- 
ing method for a conventional surface acoustic wave de- 
vice. 
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DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0027] Hereinafter, preferred embodiments of the 
s present invention are explained in detail with reference 
to the drawings. 

[0028] Fig. 1 is a plan view of a surface acoustic wave 
resonator according to a first preferred embodiment of 
the present invention. 

*o [0029] As shown in Fig. 1, a surface acoustic wave 
resonator 1 preferably includes a piezoelectric substrate 
2 preferably made of crystal, at feast one IDT 3 disposed 
on the piezoelectric substrate 2, and at least two reflec- 
tors 4 disposed on both sides of the IDT 3. 

15 [0030] The IDT 3 is preferably made of an electrode 
material containing Ta as the principal ingredient and 
preferably includes a set of interdigital electrodes ar- 
ranged such that comb-tooth portions of each electrode 
oppose each other. 

20 [0031] An electrode finger defining a comb-tooth por- 
tion of the IDT 3 is established such that the width of the 
electrode finger is larger than the space between adja- 
cent electrode fingers of the IDT 3. That is, the range of 
the ratio of the electrode finger width «L2» relative to 

25 the sum of the electrode finger width and the space be- 
tween adjacent electrode fingers «L1» is preferably 
about 0.55 to about 0.85. The width of the electrode fin- 
ger is also preferably larger than the space between 
electrode fingers of the reflector 4. That is, in the reflec- 

30 tor also the range of the ratio of the electrode finger width 
"L4" relative to the sum of the electrode fingerwidth and 
the space between electrode fingers "L3" is preferably 
about 0.55 to about 0.85. 

[0032] Next, a second preferred embodiment accord- 

35 jng to the present invention will be described. Fig. 2 is 
a plan view of a longitudinally-coupled type surface 
acoustic wave filter according to the second preferred 
embodiment of the present invention. 
[0033] As shown in Fig. 2, the longitudinally-coupled 

40 type surface acoustic wave filter 11 preferably includes 
a piezoelectric substrate 1 2 made of crystal, at least two 
IDTs 13a and 13b disposed on the piezoelectric sub- 
strate 12, and reflectors 14 located on both sides of the 
IDTs 13a and 13b. 

45 [0034] The IDTs 13a, 13b are preferably formed of an 
electrode material containing Ta as the principal ingre- 
dient and preferably include a set of interdigital elec- 
trodes arranged such that comb-tooth portions of each 
electrode oppose each other. The IDTs 1 3a and 1 3b are 

so arranged substantially parallel to each other and sepa- 
rated by a predetermined space in the propagation di- 
rection of the surface acoustic wave. As with the first 
preferred embodiment, also in this second preferred 
embodiment, the width of the electrode finger is larger 

55 than the space between adjacent electrode fingers of 
the IDTs 13a and 13b. That is, the range of the ratio of 
the electrode fingerwidth relative to the sum of the elec- 
trode fingerwidth and the space between electrode fin- 
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gers is about 0.55 to about 0.85. The width of the elec- 
trode finger is also larger than the space between elec- 
trode fingers of the reflectors 14a and 14b. That is, for 
the reflectors 14a and 14b, the range of the ratio of the 
electrode fingerwidth relative to the sum of the electrode 5 
finger width and the space between electrode fingers 
about 0.55 to about 0.85. 

[0035] Then a third preferred embodiment according 
to the present invention will be described. Fig. 3 is a plan 
view of a laterally-coupled type surface acoustic wave 10 
filter according to the third preferred embodiment of the 
present invention, 

[0036] As shown in Fig. 3, the laterally-coupled type 
surface acoustic wave filter 21 preferably includes a pi- 
ezoelectric substrate 22 made of crystal, at least two 15 
IDTs 23a and 23b disposed on the piezoelectric sub- 
strate 22, and reflectors 24a and 24b located on both 
sides of the IDTs 23a and 23b. 

[0037] The IDTs 23a and 23b are preferably made of 
an electrode material containing Ta as the principal in- 20 
gredient and preferably include a set of interdigital elec- 
trodes arranged such that comb-tooth portions of each 
electrode oppose each other. The IDTs 23a and 23b are 
preferably arranged substantially perpendicular to the 
propagation direction of the surface acoustic wave. As 25 
with the first and the second preferred embodiments, al- 
so in this third preferred embodiment, the width of elec- 
trode finger is larger than the space between adjacent 
electrode fingers of the IDTs 23a and 23b. That is, the 
range of the ratio of the electrode finger width relative 30 
to the sum of the electrode finger width and the space 
between electrode fingers is about 0.55 to about 0.85. 
The width of the electrode finger is also larger than the 
space between electrode fingers of the reflectors 24a 
and 24b. That is, for the reflectors 24a and 24b, the 35 
range of the ratio of the electrode finger width relative 
to the sum of the electrode finger width and the space 
between electrode fingers is about 0.55 to about 0.85. 
[0038] Then afourth preferred embodiment according 
to the present invention will be described. Fig. 4 is a plan 40 
view of a ladder-type surface acoustic wave filter ac- 
cording to the fourth preferred embodiment of the 
present invention. 

[0039] As shown in Fig. 4, the ladder-type surface 
acoustic wave filter 31 preferably includes a piezoelec- 45 
trie substrate 32 made of crystal, at least two IDTs 33a 
and 33b disposed on the piezoelectric substrate 32, and 
reflectors 34a and 34b located on both sides of the IDTs 
33a and 33b. 

[0040] The IDTs 33a and 33b are preferably made of so 
an electrode material containing Ta as the principal in- 
gredient and preferably include a set of interdigital elec- 
trodes arranged such that comb-tooth portions of each 
electrode oppose each other. The IDT 33a is arranged 
in a series line while the IDT 33b is arranged in a parallel 55 
line to define a ladder-type arrangement. Like the first 
and thr second preferred embodiments, also in this pre- 
ferred embodiment, the width of the electrode fingers is 



larger than the space between adjacent electrode fin- 
gers of the IDTs 33a and 33b. That is, the range of the 
ratio of the electrode fingerwidth relative to the sum of 
the electrode fingerwidth and the space between adja- 
cent electrode fingers is about 0,55 to about 0.85. The 
width of electrode finger is also larger than the space 
between adjacent electrode fingers of the reflectors 34a 
and 34b. That is, for the reflectors 34a and 34b, the 
range of the ratio of the electrode finger width relative 
to the sum of the electrode finger width and the space 
between adjacent electrode fingers is about 0.55 to 
about 0.85. 

[0041] Next, a fifth preferred embodiment and a sixth 
preferred embodiment according to the present inven- 
tion will be described. Fig. 5 is a block diagram of a com- 
bined device according to the fifth preferred embodi- 
ment of the present invention and a communication de- 
vice according to the sixth preferred embodiment of the 
present invention. 

[0042] As shown in Fig. 5, a communication device 
41 preferably includes a combined device 44 having a 
receiving surface acoustic wave filter 42 and a transmit- 
ting surface acoustic wave filter 43, an antenna 45, a 
receiving circuit 46, and a transmitting circuit 47, where- 
in an antenna terminal, an output terminal, and an input 
terminal of the combined device 44 are respectively con- 
nected to the antenna 45, the receiving circuit 46, and 
the transmitting circuit 47. As the receiving surface 
acoustic wave filter 42 and the transmitting surface 
acoustic wave filter 43 of such the combined device 44, 
any one or a combination of the surface acoustic wave 
filters 11 to 21 according to the second to the fourth pre- 
ferred embodiments may be used. 
[0043] Next, the effect of the ratio of the electrode fin- 
ger width relative to the sum of the electrode fingerwidth 
and the space between adjacent electrode fingers being 
set in the range of about 0.55 to about 0.85 according 
to preferred embodiments of the present invention will 
be described with reference to an example of one pre- 
ferred embodiment of the present invention. 
[0044] Fig. 6 is a graph showing variations in a center 
frequency when the ratio of the electrode finger width 
relative to the sum of the electrode finger width and the 
space between electrode fingers is changed from about 
0.50 to about 0,90, wherein values of the normalized film 
thickness (thickness "d'Vwave length M V) are as follows, 
Curve A; 2.00%, Curve B: 2.04%, Curve C: 2.08%, 
Curve D: 2.12%, Curve E: 2.16%, Curve F: 2.20%, and 
Curve G: 247%. In this example of a preferred embod- 
iment of the present invention, a longitudinally-coupled 
type surface acoustic wave filter using SH-type surface 
acousticwaves is used, and includes a quartz substrate 
having Euler angles of approximately (0°, 127°, and 
90°), and two IDTs and reflectors disposed on the quartz 
substrate and made of a Ta electrode material. Only in 
the case of Curve E: 2.16%, a longitudinally-coupled 
type surface acoustic wave filter generating SH-type 
surface acoustic waves is used, and includes a quartz 
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substrate having Euler angles (0°, 126°, and 90°) and 
two IDTs and reflectors disposed on the quartz substrate 
and made of a Ta electrode material. 
[0045] As shown in Fig. 6, the center frequencies de- 
fine a downward arc having its apex at the value for the 
ratio of the electrode fingerwidth relative to the sum of 
the electrode fingerwidth and the space between elec- 
trode fingers of about 0.75. Therefore, it is understood 
that when the value of the ratio of the electrode finger 
width relative to the sum of the electrode finger width 
and the space between electrode fingers is about 0.75, 
variations in frequency when the electrode fingerwidth 
shifts back and forth are at a minimum. It is also under- 
stood from Fig. 6 that these characteristics have a sim- 
ilar tendency when the standardized film thickness or 
the Euler angles of the quartz substrate are changed. 
[0046] Fig. 7 is a graph showing the rate of change in 
the center frequency when the value for the ratio of the 
electrode fingerwidth relative to the sumof the electrode 
fingerwidth and the space between electrode fingers is 
shifted by about 0.05. That is, it is assumed that the val- 
ue before the change for the ratio of the electrode finger 
width relative to the sum of the electrode fingerwidth 
and the space between electrode fingers is "d1"; the val- 
ue after the change for the ratio of the electrode finger 
width relative to the sum of the electrode finger width 
and the space between electrode fingers is "d2"; the 
center frequency before the change is "f 0 (d1 )"; and the 
center frequency after the change is "f 0 (d2)", the values 
of "(d1 +d2)/2" are plotted on the horizontal coordinate 
while the values of H [f 0 (d2) - f Q (d1)]/[(d1 + d2)/2]/(d2 - 
d1)" are plotted on the vertical coordinate to constitute 
the graphical representation in Fig. 7. It is to be noted 
that the same symbols are used for the values of the 
normalized film thickness as those used in Fig. 6, 
[0047] It is understood from Fig. 7 that the change in 
the center frequency is minimal when the value for the 
ratio of the electrode fingerwidth relative to the sum of 
the electrode fingerwidth and the space between elec- 
trode fingers is about 0.75. Since when the change in 
the center frequency is within approximately ± 0.15%, 
variations in the electrode finger width due to manufac- 
turing variations can be easily accommodated when 
they are within approximately ± 1 %, it is clear from Fig. 
7 that the value for the ratio of the electrode fingerwidth 
relative to the sum of the electrode finger width and the 
space between electrode fingers of not less than about 
0.55 is acceptable. Further, it is more preferable that the 
value for the ratio of the electrode finger width relative 
to the sum of the electrode fingerwidth and the space 
between electrode fingers is preferably in the range of 
from about 0.60 to about 0.85 as the value yields the 
change in the center frequency within approximately! 
0.15%. 

[0048] Fig. 8 is a graph showing changes in the inser- 
tion loss of a filter corresponding to values of the ratio 
of the electrode finger width relative to the sum of the 
electrode fingerwidth and the space between electrode 
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fingers, It is to be noted that the same symbols are used 
for the values of the normalized film thickness as those 
used in Fig. 6. In addition, measurements were made 
after input/output impedance matching. 
5 [0049] As shown in Fig. 8, it is understood that when 
the value of the ratio of the electrode fingerwidth relative 
to the sum of the electrode fingerwidth and the space 
between electrode fingers is about 0.75, the values of 
the insertion loss are minimal in the cases where the 

10 normalized thickness is about 2.0% to about 2. 16%. The 
values of the insertion loss rise rapidly in the vicinity of 
the value of the ratio of the electrode finger width relative 
to the sum of the electrode fingerwidth and the space 
between electrode fingers of over about 0.85 regardless 

15 of the standardized film thickness. Furthermore, as 
shown in Fig. 8, the minimal insertion loss at the value 
about 0.7 of the ratio of the electrode finger width relative 
to the sum of the electrode fingerwidth and the space 
between electrode fingers in the case of the symbol 

20 indicates that the minimal value point is slightly shifted 
by increasing of the standardized film thickness. It is 
clear from the above description and the graphs of Fig. 
8 that in order to greatly improve insertion loss, a range 
of about 0.55 to about 0.85 is preferred and more spe- 

25 cifically, a range of about 0.65 to about 0.8 is more pref- 
erable. Therefore, since this tendency is independent of 
the standardized film thickness, the insertion loss is 
scarcely affected by the mass load in the direction of the 
electrode film thickness, Accordingly, it is clear that the 

30 same tendency can be obtained when the IDT is formed 
of not just Ta but of a high-density metal having a higher 
specific weight than the piezoelectric material and a low 
speed of sound conductance such as W, Mo, Ni, Cu, Co, 
Cr, Zn, Fe, Mn, Au, Ag, Pt, Os, Ir, Hf, and alloys of these 

35 metals to excite SH-wave-type surface acoustic waves. 
When quartz is used, a similar effect can also be ob- 
tained when the Euler angles are within {0°, 121° to 
136°, and 87° to 93°). 

[0050] The above preferred embodiments have been 
40 described in the context of a one-stage surface acoustic 
wave filter However, the present invention is not limited 
to this, and multi-stage longitudinally connected or mul- 
ti-stage parallel-connected filters may, of course, also 
be effective and be used. Moreover devices without re- 
45 flectors may also be used. 

[0051] While preferred embodiments of the invention 
have been disclosed, various modes of carrying out the 
principles disclosed herein are contemplated as being 
within the scope of the following claims. Therefore, it is 
50 understood that the scope of the invention is not to be 
limited except as otherwise set forth in the claims. 

Claims 

55 

1 , A surface acoustic wave resonator (1 ) comprising: 
a piezoelectric substrate (2) made of a piezoe- 
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lectric material; and 

at least one IDT (3) including electrode fingers 
and disposed on said piezoelectric substrate, 
the at least one IDT (3) being made of at least 
one of a metal and an alloy having a higher spe- 5 
cific weight than that of the piezoelectric mate- 
rial of said piezoelectric substrate so as to ex- 
cite Shear Horizontal (SH) waves; 
wherein a ratio of a width (L2) of at least one of 
the electrode fingers defining said iDT relative 10 
to a sum (L1+L2) of the width of the at least one 
of the electrode fingers and a space between 
adjacent ones of the electrode fingers is from 
about 0.55 to about 0.85. 

15 

2. A surface acoustic wave resonator according to 
Claim 1 , wherein said piezoelectric substrate (2) is 
a quartz substrate having Euler angles of approxi- 
mately (0°, 121° to 136°, and 87° to 93°). 

20 

3. A surface acoustic wave resonator according to 
Claim 1 or 2, further comprising reflectors (4) dis- 
posed on both sides of said at least one IDT (3) so 
as to sandwich said at least one IDT therebetween. 

25 

4. A surface acoustic wave resonator according to 
Claim 3, wherein the reflectors (4) include a plurality 
of electrode fingers and a ratio of a width (L4) of one 
of the electrode fingers of the reflectors relative to 

the sum (L3+L4) of the width of said one of the elec- 30 
trode fingers of the reflectors and a space between 
adjacent ones of the electrode fingers of the reflec- 
tors is from about 0.55 to about 0.85. 

5. A surface acoustic wave resonator according to 35 
Claim 1,3 or 4, wherein the piezoelectric substrate 

(2) is made of crystal. 

6. A surface acoustic wave resonator according to any 
one of Claims 1 to 5, wherein the at least one IDT 40 

(3) is made of an electrode material containing Ta 
as the principal ingredient, 



of the at least two IDTs is arranged in a parallel line 
to define a ladder-type arrangement. 

1 0. A surface acoustic wave resonator according to any 
one of Claims 1 to 8, wherein the surface acoustic 
wave resonator defines a longitudinally-coupled 
type surface acoustic wave filter (11). 

11. A surface acousticwave resonatoraccordingtoany 
one of Claims 1 to 6, wherein the surface acoustic 
wave resonator defines a laterally-coupled type sur- 
face acoustic wave filter (21 ). 

12. A surface acousticwave resonator according to any 
one of Claims 1 to 9, wherein the surface acoustic 
wave resonator defines a ladder type filter (31). 

13. A surface acousticwave device (1) comprising: 

a piezoelectric substrate (2) made of a piezoe- 
lectric material; and 

at least one IDT (3) including electrode fingers 
and disposed on said piezoelectric substrate, 
the at least one IDT (3) being made of at least 
one of a metal and an alloy having a higher spe- 
cific weight than that of the piezoelectric mate- 
rial of said piezoelectric substrate so as to ex- 
cite Shear Horizontal (SH) waves; 
wherein a ratio of a width (L2) of at least one of 
the electrode fingers defining said IDT relative 
to a sum (L1 +L2) of the width of the at least one 
of the electrode fingers and a space between 
adjacent ones of the electrode fingers is from 
about 0.55 to about 0.85. 

14. A communication device comprising a surface 
acoustic wave device according to any one of 
Claims 1 to 13. 



7. A surface acoustic wave resonatoraccordingtoany 
one of Claims 1 to 6, further comprising at least two 45 
IDTs (13a. ,13b) arranged substantially parallel to 
each other and separated by a predetermined 
space in the propagation direction of the surface 
acousticwave. 

50 

8. A surface acoustic wave resonator according to 
Claim 7 , wherein the at least two IDTs (1 3a, 1 3b) are 
made of an electrode material containing Ta as the 
principal ingredient. 

55 

9. A surface acoustic wave resonator according to 
Claim 7 or 8, wherein one (33a) of the at least two 
IDTs is arranged in a series line and the other (33b) 
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